
Ribosomes and Antibiotics
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Ribosomes as evolutionarily conserved nanomachines 
required to make proteins

Why study ribosome structure?  Why study ribosomes 
from different species?

How are ribosomes manufactured in bacteria and 
eukaryotic cells?

How do ribosomes carry out protein synthesis?

General information about antibiotics and their targets
Bacterial ribosomes as one target for antibiotics



Ribosome: 2.5MD composed of 2/3 RNA and 1/3 protein

Bacterial ribosome composition



Ribosome: 2.5MD composed of 2/3 RNA and 1/3 protein

Eukaryotic ribosome composition
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www.rna.ccbb.utexas.edu/

Comparison of secondary structure folding pattern 
of small subunit rRNA from bacteria (A) and fungi (B)

www.nd.edu/~aseriann/rna.html
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publications.nigms.nih.gov/.../ribosome.jpg

Bacterial Ribosome



Trypanosome ribosome

from Gao et al. 2005
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http://www.lehigh.edu/~inbios21/movie/translation.wmv



Antibiotics

• A natural or synthetic compound that either 
kills (bactericidal) or inhibits growth 
(bacteriostatic) of bacteria (or other 
microorganisms)

• Antibiotics may be classified in several ways. 
Most common classification schemes are 
based on chemical structure of the antibiotic



Antibiotic Targets in Bacterial Cells

Molecular Biology of the Cell by Alberts et al. 2002



Antibacterial agents, suitable for therapy:

Natural –
Derived from natural sources such as fungi and soil bacteria. 
Penicillin as the classic example, derived from the fungus Penicillium
Pharmaceutical industry produces penicillin from cultures of

Penicillium chrysogenum  that are adapted for high yield
Others: many aminoglycosides from soil bacteria (e.g., streptomycin)

Semi-synthetic -
Natural products that have been chemically modified to improve effectiveness

of the product or to reduce side effects, etc
Examples include the β-lactams ampicillin, amoxicillin, etc, derived from fungi 

Completely synthetic –
Products are synthesized completely in the laboratory
Sulfa drugs, folic acid analogs are examples



Classes of Antibiotics affecting the ribosome:

Small subunit
Aminoglycosides (e.g., stretomycin, kanamycin, 

neomycin, gentamycin)
Tetracyclines
Aminocyclitols  (e.g., spectinomycin)

Ribosomal RNA (large subunit)
Macrolides  [e.g., erythromycin, azithromycin 

(Zithromax®), clarithromycin (Biaxin®]
Lincosamides
Streptogramins 

Subunit interactions
Oxazolidinones [e.g., linezolid (Zyvox®)]



Erythromycin – a macrolide antibiotic that blocks protein synthesis
by binding to bacterial ribosomes but not to eukaryotic ribosomes 

www.molgen.mpg.de



nar.oxfordjournals.org/.../issue1/cover.dtl

The aminoglycoside antibiotic paromomycin binds to the small 
ribosomal subunit and blocks protein synthesis.
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Resistance to Antibiotics

Intrinsic resistance
Some bacteria are naturally more resistant to certain classes of 
antibiotics than others (e.g., Gram positive bacteria are more 
resistant than Gram negative bacteria to polymixins – a class of 
antibiotics that behave as detergents and cause leakiness of the 
cell membrane)

Acquired resistance
Bacteria acquire resistance to antibiotics for which  they 
were previously susceptible.  For example, in 10 years’ time      
between 1985 and 1995,the percentage of ampicillin-resistant 
Shigella (causes intestinal illness) grew from 32% to 67%!



How do bacteria acquire resistance?

Bacteria acquire genes that encode proteins that shield or
protect them from the effects of the antibiotic.

These genes can arise by mutation of existing genes OR they
can be acquired from other resistant bacteria through the
transfer of genetic information between bacteria

Antibiotic resistance genes are often carried on plasmids

users.rcn.com
www.life.uiuc.edu



“Clever tricks” by bacteria to inactivate antibiotics:

1.  Synthesis of enzymes that breakdown the antibiotic:
Penicillinase (a type of β-lactamase, breaks the β-lactam 
ring,thereby destroying the antibiotic).  Other enzyme 
types are also prevalent (e.g., cephalosporinases)

2. Modification of their own enzymes that would normally
be targets of the antibiotic  (e.g., DNA gyrase)



Clever tricks, continued:
3. Synthesis of “pumps” inserted into the cell

membrane to remove the antibiotic from the 
interior of the cell

4. Addition of chemical  groups onto the target 
so that the antibiotic does not recognize the target. 
(e.g., erythromycin resistance)

5. Modification of the antibiotic so that it no
longer recognizes its target (e.g., kanamycin
resistance)

6. Modification of the peptidoglycan cell wall 
to avoid the antibiotic effect



- Ribosomes are essential for protein synthesis in all cells

- Ribosomes have many evolutionarily conserved features but 
important structural differences exist

- Ribosome structural differences between organisms can be 
exploited as potential targets in drug development

SUMMARY:

www.molgen.mpg.de 


